US 2014018795

a9y United States
12y Patent Application Publication (o) Pub. No.: US 2014/0187953 Al

Al

b
3

(54)

(1)
(72)

(73)

1)

(22)

MIYACHI et al. 43) Pub. Date: Jul, 3, 2014
ULTRASOUND DIAGNOSTIC APPARATUS, (30) Foreign Application Priority Data
ULTRASOUND IMAGE PRODUCING
METHOD, AND RECORDING MEDIUM Dec. 27,2012 (IP) covvrveenincericencn 2012-284082
Applicant: FUITFILM Corporation, Tokyo (IP) Publication Classification
Inventors: Yukiya MIYACHI, Ashigara-kami-gun (1) Int.CL

(IP); Hiroshi YAMAGUCHI, AGIB 8/00 (2006.01)
Ashigara-kami-gun (IP); Yasunori A6IB 8/14 (2006.01)
OHTA, Ashigara-kami-gun (JP); (52) US.CL
Tsuyoshi TANABE, Ashigara-kami-gun CPC .. A61B 8/463 (2013.01); A61B 8/14 (2013.01)
(JP); Noriaki IDA, Ashigara-kami-gun USPC it e 600/447
(JP); Shin NAKATA, (57) ABSTRACT
Ashigara-kami-gun (JP) . .
In an ultrasound diagnostic apparatus, when a compound
) image is produced, delay correction is performed on all of
Assignee: FUJIFILM Corporation, Tokyo (IP) ultrasound images (sub frames) to be combined based on
sound velocities set for respective segment regions obtained
Appl. No.: 14/141,060 by diVid.ing the §ubj ect. Owing to this conﬁgqration, the ultra-
sound diagnostic apparatus can produce a high quality com-
pound image by spatial compounding or frequency com-
Filed: Dec. 26, 2013 pounding without being affected by distortion in images.
[l.J_LT—Fi—A—S—E)UND IMAGE PRODUCER - :
| 50 10
I IMAGE !
19 PROCESSOR | +-26
! I
18 ! 20 24 3 |1 28 30
F : ! ' e || -
5 RECEPTION [,/ SIGNAL || DISPLAY DISPLAY
> |E3 " GIRGUIT e processor] | PSC CO"SE‘{#ING I *| cONTROLLER[ "] UNIT
=] rgrl BI A A A A ~ i Y
% =z m i-———-—- — e — e — . - 32 I
g |95 16 l :
% ;JE 9' Yy |
O | L &I TRANSMISSION ol omace |1
N CIRCUIT 4/0 | |MEMORY| |
t SOUND L] I !
VELOCITY]
SETTING [7
UNIT
A
YV OPERATING |— 46
RECEPTION UNIT
DATA
MEMORY STORAGE |-—48
2 I UNIT
| * !
CONTROLLER




—
«
(o]
w,
[=a)
&
= HITIOHINOD
3
= yY o /
z tz‘m \ v 4
8% — IDVHOLS | AHOWIN
viva
LINN NOILdIO3d
o 9% —{DNILYY3dO £ 3
(=]
A 4
3 1INA
= » ONILLIS
» il ALIOOT3A
= | _ aNnos 1
< | jAdoWawW| | o\v 11NOHIO o>
o _ IOV _ NOISSINSNVHL T & =
E T 7 5=
= _ 28 | ol o=
A4 _ v ¥ v v m v mw
TINA < A
1INN HITIOHLNOD|, H0SSI00Y [ 1IN0HI0 g g
B Avidsia [T avidsia  [Y ] PNNEN09) € OSA T qyneis T | NOLLd303Y .
g 7 7 = 7 7 _ 7
= 0¢ 8C | | ve ¥e 0z _ 8l
= ' .
= ] _
A A 92| ¥0SSI00Yd i
g or i JIDVNI |
= 08 B H30NA0Yd DY ANNOSYHLIN __
= \ | "Old
<
~N—
=
&
o]
=™

ULTRASOUND PRCBE




Patent Application Publication

FIG. 2B

Jul. 3,2014 Sheet 2 of 4 US 2014/0187953 A1
14
FIG. 2A p
ITITTIITT]
! ) !
v I )
// \ /l \
i
/ \ 67&%6
/ \ ! \
2 \ li \/-‘_,
i \ ! \
! \ ! ‘
i \ i \
! \ I \
2 DR
I _ \ . ( e
A
C
A~
? ¢ | .




Patent Application Publication Jul. 3,2014 Sheet 3 of 4 US 2014/0187953 Al

FIG. 3A

— F2

F1—
FIG. 3B
¢ e @ e o . e & o o
o 9 4§ [ ] 4 ¢ O 9 o
F.,\-"‘\ o 9 4 [ ] [ e & 9 ¢ o /‘VFZ
¢ 9 ] [ ] [ [ o 9 ¢ o
FIG. 3C
N
® 9 ’ L ] 9 [ ]

[} /\JFZ

F‘]\/\ ® 9 2




Patent Application Publication

JNIL 4—7

Jul. 3,2014 Sheet 4 of 4
FIG. 4A FIG. 4B
POSITION OF POSITION OF
ELEMENT T—' ELEMENT
o
<
Tl NN
NSNS\
SN\
FIG. 5
100
/
HEERERRENR
iR I '
|\ |
i i
/
\ Qr
T il Y
!
B/ \ / \/“-’C
/ ‘\ I \‘
! \ { \
/ \ ! \
I/ | /! \
i \ ; A

US 2014/0187953 A1



US 2014/0187953 Al

ULTRASOUND DIAGNOSTIC APPARATUS,
ULTRASOUND IMAGE PRODUCING
METHOD, AND RECORDING VMEDIUM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus. In particular, the present invention relates to
an ultrasound diagnostic apparatus, an ultrasound image pro-
ducing method, and a recording medium for use in production
of a composite ultrasound image by spatial compounding,
frequency compounding, or the like.

[0002] Ultrasound diagnostic apparatuses using ultrasound
images are put to practical use in the medical field.

[0003] In general, this type of ultrasound diagnostic appa-
ratus includes an ultrasound probe (hereinafter also called
“probe”) having a piezoelectric element array in which piezo-
electric elements transmitting and receiving ultrasonic waves
are arranged, and a diagnostic apparatus body.

[0004] Theultrasound diagnostic apparatus transmits ultra-
sonic waves from the probe into a subject’s body, receives the
ultrasonic echo from the subject with the probe, and electri-
cally processes the resulting reception signals with the diag-
nostic apparatus body to produce an ultrasound image.
[0005] The piezoelectric element array of the ultrasound
probe receives through a plurality of piezoelectric elements
an ultrasonic echo resulted from one transmission of an ultra-
sonic beam. Accordingly, even though an ultrasonic echo
results from reflection at the same reflection point, the time
taken to enter each piezoelectric element varies depending on
the position of the piezoelectric element.

[0006] To cope with it, the ultrasound diagnostic apparatus
performs delay correction separately on reception signals
output from the respective piezoelectric elements of the ultra-
sound probe using a delay time corresponding to, for
example, the position of each piezoelectric element, followed
by addition (matching addition), thereby producing a proper
ultrasound image without distortion.

[0007] Meanwhile, so-called “speckle” (speckle noise/
speckle pattern) is known as a factor that may deteriorate the
image quality of an ultrasound image in the ultrasound diag-
nostic apparatus. Speckle is white or black spot noise caused
by the mutual interference of scattered waves generated by
numerous scattering sources which are present in a subject
and have a smaller wavelength than that of an ultrasonic
wave.

[0008] Spatial compounding as described in JP 2005-
58321 A is known as a method of reducing such speckle in the
ultrasound diagnostic apparatus.

[0009] As conceptually shown in FIG. 5, spatial com-
pounding is a technique which involves performing a plural-
ity of types (directions) of transmission and reception of
ultrasonic waves in mutually different directions (scanning
angles) with respect to a subject by a piezoelectric element
unit 100, and combining ultrasound images obtained by the
plurality of types of transmission and reception to produce a
composite ultrasound image.

[0010] Specifically, in the example shown in FIG. 5, three
types of transmission and reception of ultrasonic waves (in
three directions) are performed which include the transmis-
sion and reception of ultrasonic waves as in the normal ultra-
sound image generation (normal transmission and reception),
the transmission and reception of ultrasonic waves in a direc-
tion inclined by an angle 0 with respect to the direction of the
normal transmission and reception, and the transmission and
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reception of ultrasonic waves in a direction inclined by an
angle -0 with respect to the direction of the normal transmis-
sion and reception.

[0011] An ultrasound image A (solid line) obtained by the
normal transmission and reception, an ultrasound image B
(broken line) obtained by the transmission and reception in
the direction inclined by the angle 0, and an ultrasound image
C (dashed-dotted line) obtained by the transmission and
reception in the direction inclined by the angle -0 are com-
bined to produce a composite ultrasound image covering the
region of the ultrasound image A shown by the solid line.
[0012] Alternatively, as a method of reducing such speckle,
frequency compounding as described in JP 2000-51210 A is
also known.

[0013] Frequency compounding is a technique which
involves, for instance, performing transmission and reception
of ultrasonic waves having a central frequency of f; as well as
transmission and reception of ultrasonic waves having a dif-
ferent central frequency of f,, and combining ultrasound
images obtained by the two types of transmission and recep-
tion to produce a composite ultrasound image.

SUMMARY OF THE INVENTION

[0014] As described above, spatial compounding and fre-
quency compounding enable to produce the high quality
ultrasound image with reduced speckle.

[0015] On the other hand, when a distorted image is present
among ultrasound images to be combined during spatial com-
pounding or frequency compounding, the resulting compos-
ite ultrasound image is adversely affected by the distortion,
which induces degradation in the image quality.

[0016] An object of the present invention is to solve the
foregoing problem of the prior art and, as the first aspect, to
provide an ultrasound diagnostic apparatus which, when a
composite ultrasound image is produced by spatial com-
pounding or frequency compounding, enables to consistently
produce a composite ultrasound image with high image qual-
ity by producing appropriate ultrasound images to be com-
bined.

[0017] An object of the present invention is, as the second
aspect, to provide an ultrasound image producing method
which, when a composite ultrasound image is produced by
spatial compounding or frequency compounding, enables to
consistently produce a composite ultrasound image with high
image quality by producing appropriate ultrasound images to
be combined.

[0018] An object of the present invention is, as the third
aspect, to provide a recording medium storing a computer
program which, when a composite ultrasound image is pro-
duced by spatial compounding or frequency compounding,
enables to consistently produce a composite ultrasound
image with high image quality by producing appropriate
ultrasound images to be combined.

[0019] In order to attain the object, the present invention
provides an ultrasound diagnostic apparatus comprising:
[0020] a piezoelectric element array having piezoelectric
elements arranged therein, each adapted to transmit ultra-
sonic waves, receive ultrasonic echoes reflected by a subject,
and output reception signals according to received ultrasonic
waves;

[0021] a controller adapted to control transmission and
reception of ultrasonic waves by the piezoelectric element
array;
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[0022] a storage unit adapted to store the reception signals
output by the piezoelectric element array;

[0023] a sound velocity setting unit adapted to divide the
subject into multiple segment regions and set a sound velocity
for each of the segment regions with use of the reception
signals stored in the storage unit; and

[0024] animage produceradapted to produce anultrasound
image by processing the reception signals output by the
piezoelectric element array or the reception signals read out
from the storage unit based on the sound velocity for each of
the segment regions,

[0025] wherein the controller has a function of causing the
piezoelectric element array to perform transmission and
reception for images to be combined to produce images to be
combined, the transmission and reception for images to be
combined being transmission and reception of ultrasonic
waves mutually different in at least one of directions of trans-
mission and reception and central frequencies of ultrasonic
waves, and the images to be combined being ultrasound
images to be combined,

[0026] the image producer has a function of producing the
images to be combined with use of the reception signals
obtained through the transmission and reception for images to
be combined, and combining the produced images to be com-
bined to produce a composite ultrasound image; and

[0027] the image producer produces all of the images to be
combined based on the sound velocity set for each of the
segment regions.

[0028] Preferably, in the ultrasound diagnostic apparatus
according to the present invention, the sound velocity setting
unit sets a sound velocity when an instruction to produce the
composite ultrasound image is issued.

[0029] Preferably, the image producer produces a main
image which is an ultrasound image having a region covering
the composite ultrasound image as one of the images to be
combined.

[0030] Preferably, the sound velocity setting unit sets sound
velocities for all of images to be combined.

[0031] Preferably, the sound velocity setting unit sets sound
velocities only for one image to be combined; and

[0032] the image producer produces another image to be
combined for which no sound velocities are set based on the
sound velocities of corresponding segment regions of the one
image to be combined for which the sound velocities are set.
[0033] Preferably, the image producer produces a main
image which is an ultrasound image having a region covering
the composite ultrasound image as one of the images to be
combined; and

[0034] the one image to be combined for which the sound
velocities are set by the sound velocity setting unit is the main
image.

[0035] Preferably, when the sound velocity setting unit sets
sound velocities, the controller causes the piezoelectric ele-
ment array to perform transmission and reception of ultra-
sonic waves for sound velocity setting for all of images to be
combined;

[0036] distortions of reception signals obtained through
transmission and reception of ultrasonic waves for the images
to be combined are compared among positionally-corre-
sponding segment regions of the images to be combined, and
the sound velocity setting unit sets a sound velocity of a
corresponding segment region with use of a reception signal
having a least distortion; and
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[0037] the image producer produces the images to be com-
bined based on the sound velocity set for each of the segment
regions of all of the images to be combined.

[0038] Preferably, the ultrasound diagnostic apparatus has
a function of selecting one of the images to be combined for
which sound velocities are set by the sound velocity setting
unit.

[0039] Preferably, the images to be combined are produced
from reception signals resulting from transmission and recep-
tion of ultrasonic waves for the images to be combined being
different in atleast directions of transmission and reception of
ultrasonic waves; and

[0040] the sound velocity setting unit sets sound velocities
for an image to be combined being a reference image and
sound velocities for another image to be combined resulting
from transmission and reception of ultrasonic waves in a
direction inclined with respect to a direction of transmission
and reception of ultrasonic waves for the reference image by
an angle exceeding a predetermined threshold value.

[0041] Preferably, an image to be combined for which no
sound velocities are set is produced based on sound velocities
of corresponding segment regions of an image to be com-
bined for which the sound velocities are set.

[0042] Preferably, the controller causes the piezoelectric
element array to perform transmission and reception of ultra-
sonic waves for producing a main image which is an ultra-
sound image having a region covering the composite ultra-
sound image as the transmission and reception for images to
be combined; and

[0043] the direction of transmission and reception of ultra-
sonic waves for the reference image is a direction of trans-
mission and reception of ultrasonic waves for producing the
main image.

[0044] The present invention provides an ultrasound image
producing method, comprising the steps of:

[0045] causing a piezoelectric element array having piezo-
electric elements arranged therein, each adapted to transmit
ultrasonic waves, receive ultrasonic echoes reflected by a
subject, and output reception signals according to received
ultrasonic waves, to perform transmission and reception of
ultrasonic waves for a plurality of images to be mutually
different in either directions of transmission and reception or
central frequencies of ultrasonic waves, or both;

[0046] setting a sound velocity for each of segment regions
obtained by dividing the subject into multiple segment
regions with use of reception signals obtained through trans-
mission and reception of ultrasonic waves for each of the
plurality of images, and producing a plurality of images to be
combined based on the sound velocity set for each of the
segmentregions, the images to be combined being ultrasound
images to be combined, and

[0047] combining the images to be combined to produce a
composite ultrasound image.

[0048] Preferably, in the ultrasound image producing
method according to the present invention, the sound velocity
is set in response to an instruction to produce the composite
ultrasound image.

[0049] The present invention provides a recording medium
having stored therein a program that causes a computer to
implement:

[0050] astep of causing a piezoelectric element array hav-
ing piezoelectric elements arranged therein, each adapted to
transmit ultrasonic waves, receive an ultrasonic echo
reflected by a subject, and output reception signals according
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to received ultrasonic waves, to perform transmission and
reception of ultrasonic waves being mutually different in at
least one of directions of transmission and reception and
central frequencies of ultrasonic waves so as to produce a
plurality of images;

[0051] astep of setting a sound velocity for each of segment
regions obtained by dividing the subject into multiple seg-
ment regions with use of the reception signals obtained
through transmission and reception of ultrasonic waves for
each of the plurality of images, and producing a plurality of
images to be combined being ultrasound images to be com-
bined based on the sound velocity set for each of the segment
regions; and

[0052] a step of combining the images to be combined to
produce a composite ultrasound image.

[0053] Preferably, in the recording medium according to
the present invention, the stored program causes the computer
to implement a step of setting the sound velocity prior to the
step of performing transmission and reception of ultrasonic
waves for the plurality of images.

[0054] According to the present invention, all of ultrasound
images to be combined to produce a composite ultrasound
image by spatial compounding or frequency compounding
are produced based on appropriate sound velocities. Specifi-
cally, all of ultrasound images to be combined to produce a
composite ultrasound image are subjected to delay correction
with appropriate sound velocities.

[0055] Therefore, according to the present invention, it
becomes possible to consistently produce a high quality com-
posite ultrasound image by spatial compounding or the like
with no degradation in the image quality which may be
caused by distortion in ultrasound images to be combined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 is a block diagram conceptually showing an
ultrasound diagnostic apparatus of the invention.

[0057] FIGS. 2A to 2C are conceptual diagrams for
explaining spatial compounding performed in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0058] FIGS. 3A to 3C are conceptual diagrams for
explaining frequency compounding performed in the ultra-
sound diagnostic apparatus shown in FIG. 1.

[0059] FIGS. 4A and 4B are conceptual diagram for
explaining an example of a sound velocity setting method in
the ultrasound diagnostic apparatus shown in FIG. 1.

[0060] FIG.51saconceptual diagram for explaining spatial
compounding.

DETAILED DESCRIPTION OF THE INVENTION

[0061] An ultrasound diagnostic apparatus, an ultrasound
image producing method, and a recording medium of the
invention will be described in detail below with reference to
the preferred embodiments shown in the accompanying
drawings.

[0062] FIG.1is ablock diagram conceptually showing an
example of an ultrasound diagnostic apparatus of the inven-
tion which performs an ultrasound image producing method
of the invention.

[0063] As shown in FIG. 1, an ultrasound diagnostic appa-
ratus 10 has an ultrasound probe 12 (hereinafter called “probe
12”) including a piezoelectric element array 14.

[0064] The piezoelectric elementarray 14 of the probe 12 is
connected to a transmission circuit 16 and a reception circuit
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18. The reception circuit 18 is connected in sequence to a
signal processor 20, a digital scan converter (DSC) 24, an
image processor 26, a display controller 28, and a display unit
30. The image processor 26 is connected to an image memory
32. In addition, the image processor 26 includes an image
combining unit 34.

[0065] The signal processor 20, the DSC 24, the image
processor 26, and the image memory 32 constitute an image
producer 50.

[0066] The reception circuit 18 and the signal processor 20
are connected to a reception data memory 36, and the image
memory 32 and the signal processor 20 are connected to a
sound velocity setting unit 40.

[0067] Furthermore, the transmission circuit 16, the recep-
tion circuit 18, the signal processor 20, the DSC 24, the
display controller 28, the reception data memory 36, and the
sound velocity setting unit 40 are connected to a controller 42.
The controller 42 is also connected to an operating unit 46 and
a storage unit 48.

[0068] In the illustrated example, the transmission circuit
16, the reception circuit 18, the ultrasound image producer
50, the display controller 28, the display unit 30, the reception
data memory 36, the sound velocity setting unit 40, the con-
troller 42, the operating unit 46, and the storage unit 48
constitute a diagnostic apparatus body of the ultrasound diag-
nostic apparatus 10.

[0069] The diagnostic apparatus body is constituted by, for
example, a computer.

[0070] The piezoelectric element array 14 includes a plu-
rality of piezoelectric elements (ultrasound transducers)
arranged one-dimensionally or two-dimensionally. These
piezoelectric elements each transmit ultrasonic waves
according to driving signals supplied from the transmission
circuit 16 and receive ultrasonic echoes from the subject to
output reception signals.

[0071] The piezoelectric element is composed of a vibrator
in which electrodes are provided at the both ends of a piezo-
electric body. The piezoelectric body may be composed of,
for example, a piezoelectric ceramic typified by lead zircon-
ate titanate (PZT), a piezoelectric polymer typified by poly-
vinylidene fluoride (PVDF), or a piezoelectric monocrystal
typified by lead magnesium niobate-lead titanate solid solu-
tion (PMN-PT).

[0072] When a pulsed voltage or a continuous-wave volt-
age is applied to the electrodes of such a vibrator, the piezo-
electric body expands and contracts to cause the vibrator to
generate pulsed or continuous ultrasonic waves. These ultra-
sonic waves are synthesized to form an ultrasonic beam.
[0073] Uponreception of propagating ultrasonic waves, the
vibrators expand and contract to produce electric signals. The
electric signals are output from the piezoelectric elements
(piezoelectric element array 14) as reception signals of the
ultrasonic waves.

[0074] The transmission circuit 16 includes, for instance, a
plurality of pulse generators. The transmission circuit 16
adjusts delay amounts of the driving signals and then supplies
the adjusted driving signals to the respective piezoelectric
elements so that the ultrasonic waves transmitted from the
piezoelectric element array 14 form an ultrasonic beam as
desired. The transmission circuit 16 adjusts each delay
amount based on a transmission delay pattern selected in
accordance with a control signal from the controller 42.
[0075] The reception circuit 18 amplifies the reception sig-
nals transmitted from the piezoelectric elements of the piezo-
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electric element array 14 and analog-to-digital converts the
amplified signals to produce pieces of digitalized reception
data as many as the number of reception channels.

[0076] The ultrasound diagnostic apparatus 10 has the
function of performing spatial compounding.

[0077] Asknown, spatial compounding is a method of pro-
ducing an ultrasound image with reduced speckle by combin-
ing a plurality of ultrasound images obtained by transmission
and reception of ultrasonic waves in mutually different direc-
tions to produce a composite ultrasound image. In the follow-
ing explanation, a composite ultrasound image obtained by
spatial compounding or frequency compounding to be
described below is also referred to as a compound image.
[0078] When spatial compounding is performed, the trans-
mission circuit 16 and the reception circuit 18 cause the
piezoelectric element array 14 in accordance with an instruc-
tion by the controller 42 to perform multiple times of trans-
mission and reception of ultrasonic waves in mutually differ-
ent directions of transmission and reception of ultrasonic
waves. In spatial compounding, the multiple times of trans-
mission and reception of ultrasonic waves are performed to
produce a plurality of images to be combined (ultrasound
images to be combined) obtained by transmission and recep-
tion of ultrasonic waves in mutually different directions to
produce a composite ultrasound image (compound image).
[0079] For convenience, the “transmission and reception of
ultrasonic waves” is also referred to simply as “transmission
and reception.”

[0080] As an example, the ultrasound diagnostic apparatus
10 combines three images by spatial compounding. Specifi-
cally, as conceptually shown in FIG. 2A, the piezoelectric
element array 14 performs three types of transmission and
reception which include transmission and reception in the
same direction as in the normal ultrasound image generation
(see the solid line), transmission and reception in a direction
inclined by an angle 6 with respect to the direction of the
transmission and reception for the normal ultrasound image
generation (see the broken line), and transmission and recep-
tion in a direction inclined by an angle -6 with respect to the
direction of the transmission and reception for the normal
ultrasound image generation (see the dashed-dotted line).
[0081] When spatial compounding with three images to be
combined is performed, three types of transmission and
reception are performed to produce one (one frame of) com-
pound image. Accordingly, when spatial compounding with
three images to be combined is performed, the piezoelectric
element array 14 repeatedly performs the three types of trans-
mission and reception.

[0082] Specifically, in the exemplary spatial compounding
shown in FIG. 2, there are produced an image to be combined
A (sub frame A) indicated by the solid line and obtained by
transmission and reception in the same direction as in the
normal ultrasound image generation; an image to be com-
bined B (sub frame B) indicated by the broken line and
obtained by transmission and reception in a direction inclined
by the angle 8 with respect to the direction of the transmission
and reception for the image to be combined A; and an image
to be combined C (sub frame C) indicated by the dashed-
dotted line and obtained by transmission and reception in a
direction inclined by the angle -6 with respect to the direction
of the transmission and reception for the image to be com-
bined A.

[0083] For convenience, the transmission and reception for
producing the image to be combined A is also referred to as
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transmission and reception for image A, the transmission and
reception for producing the image to be combined B as trans-
mission and reception for image B, and the transmission and
reception for producing the image to be combined C as trans-
mission and reception for image C. In this regard, the same
applies to an alternative embodiment shown in FIG. 3 or the
like to be described below.

[0084] The image combining unit 34 of the image proces-
sor 26 to be described below combines the image to be com-
bined A, the image to be combined B and the image to be
combined C to produce a compound image having the same
region as that of the image to be combined A which is equiva-
lent to an image obtained by the normal transmission and
reception. Specifically, the image to be combined A is a main
image (basic image/basic sub frame) in this spatial com-
pounding.

[0085] It should be noted that, in the present invention, the
number of images to be combined by spatial compounding
may be two, four or more.

[0086] The signal processor 20 implements delay correc-
tion on each piece of reception data produced by the reception
circuit 18 based on a sound velocity (a set sound velocity and
an optimal sound velocity to be described below) input from
the sound velocity setting unit 40. The signal processor 20
produces pieces of delay correction data through the delay
processing and adds those pieces of delay correction data
(performs matching addition) to perform a reception focusing
process. By this process, the ultrasonic echo is well focused
so as to produce a sound ray signal. Furthermore, the signal
processor 20 corrects the sound ray signal for the attenuation
due to distance according to the depth at which the ultrasonic
waves are reflected. The signal processor 20 further imple-
ments an envelope detection process on the sound ray signal
having been subjected to attenuation correction to thereby
produce a B-mode image signal which is tomographic image
information relating to the tissue in the subject.

[0087] The DSC 24 converts the B-mode image signal pro-
duced by the signal processor 20 into an image signal com-
patible with an ordinary television signal scanning mode
(raster conversion).

[0088] The image processor 26 performs various kinds of
necessary image processing such as gradation processing on
the B-mode image signal entered from the DSC 24, and
outputs the B-mode image signal to the display controller 28.
Alternatively, after subjecting the B-mode image signal
entered from the DSC 24 to necessary image processing, the
image processor 26 stores the B-mode image signal in the
image memory 32.

[0089] As described above, the ultrasound image producer
50 is made up of the signal processor 20, the DSC 24, the
image processor 26, and the image memory 32.

[0090] Theimage processor 26 includes the image combin-
ing unit 34.
[0091] The image combining unit 34 combines produced

images to be combined to produce a compound image when
spatial compounding or frequency compounding to be
described below is performed.

[0092] The display controller 28 causes the monitor 30 to
display an ultrasound diagnostic image and the like according
to the B mode image signal having undergone image process-
ing by the image processor 26 or various types of information
input by the operating unit 46.
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[0093] Thedisplay unit30includes a display device such as
an LCD, for example, and displays the ultrasound diagnostic
image under the control of the display controller 28.

[0094] The reception data memory 36 sequentially stores
the reception data output from the reception circuit 18 and
also stores the delay correction data produced by the signal
processor 20.

[0095] The sound velocity setting unit 40 sets optimal
sound velocities that are sound velocities of (the inside of) the
subject.

[0096] In the present invention, the sound velocity setting
unit 40 divides the inside of the subject into multiple segment
regions and sets the optimal sound velocity for each of the
segment regions. As an example, the sound velocity setting
unit 40 provides a predetermined set sound velocity to the
signal processor 20, while changing the set sound velocity,
causes the signal processor 20 to produce sound ray signals,
and causes the ultrasound image producer 50 to produce
B-mode image signals with the use of the sound ray signals
obtained based on the respective set sound velocities. The
sound velocity setting unit 40 analyzes B-mode images thus
produced with the different set sound velocities and sets a
sound velocity at which the contrast or the sharpness of the
image is highest as the optimal sound velocity of each seg-
ment region of the subject.

[0097] The controller 42 controls components of the ultra-
sound diagnostic apparatus according to instructions entered
by the operator using the operating unit 46.

[0098] The operating unit 46 is provided for the operator to
perform input operations and may be composed of, for
example, a keyboard, a mouse, a track ball, and/or a touch
panel.

[0099] Thestorage unit48 stores, for example, an operation
program and may be constituted by, for example, a recording
medium such as a hard disk, a flexible disk, an MO, an MT, a
RAM. a CD-ROM, a DVD-ROM, an SD card, a CF card, and
a USB memory, or a server.

[0100] The signal processor 20, the DSC 24, the image
processor 26, the display controller 28, and the sound velocity
setting unit 40 are each constituted by a CPU and an operation
program for causing the CPU to perform various kinds of
processing, but they may be each constituted by a digital
circuit.

[0101] The present invention will be explained in further
detail by explaining the operation of spatial compounding in
the ultrasound diagnostic apparatus 10. A recording medium
according to the present invention is a recording medium that
has a program stored therein for causing a computer to imple-
ment the ultrasound image producing method ofthe invention
to be described below and is readable by a computer (the same
applies to the case of frequency compounding to be described
below).

[0102] As described above, in the ultrasound diagnostic
apparatus 10, the subject is divided into multiple segment
regions and is set with optimal sound velocities which are
sound velocities of the respective segment regions.

[0103] In addition, in this example, optimal sound veloci-
ties are set to separately correspond to the respective images
to be combined A, B and C to be combined by spatial com-
pounding.

[0104] In the ultrasound diagnostic apparatus 10, setting
(resetting/updating) of sound velocities is performed at
appropriately-set predetermined timing.
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[0105] Various kinds of timing can be applied for setting
optimal sound velocities. For example, an optimal sound
velocity may be set at the start of a diagnosis, set for every
predetermined number of frames, set when the probe 12 has
been moved by a predetermined distance or more, or set when
the probe 12 has remained at one place for a predetermined
period of time or more. In this invention, it is preferred to set
(update) an optimal sound velocity when an instruction to
perform spatial compounding is issued (the same applies to
the case of frequency compounding to be described below).
[0106] When optimal sound velocities are set, the control-
ler 42 sends instructions to the transmission circuit 16 and the
reception circuit 18 to cause the piezoelectric element array
14 to perform transmission and reception for sound velocity
setting.

[0107] In this example, in transmission and reception for
producing an ultrasound image, transmission and reception
having a predetermined focal point is performed one time for
one sound ray signal to be produced (for a certain position in
the azimuth direction). Alternatively, in this example, in
transmission and reception for producing an ultrasound
image, transmission and reception is performed two times
with different focal points (focal points different in position in
the depth direction) for one sound ray signal to be produced.
[0108] On the other hand, in transmission and reception for
sound velocity setting in the ultrasound diagnostic apparatus
10, transmission and reception is performed more times than
the transmission and reception for producing the normal
ultrasound image with mutually different focal points for one
sound ray signal to be produced. In addition, the number of
sound ray signals (the density of sound rays in the azimuth
direction) may also be increased more than that in the trans-
mission and reception for producing an ultrasound image.
[0109] FIG. 2B conceptually illustrates an example of the
transmission and reception for sound velocity setting.
[0110] In this example, transmission and reception is per-
formed five times for one sound ray signal to set the optimal
sound velocity. In FIG. 2B, the solid lines in the images to be
combined represent sound ray signals (i.e., scanning lines to
be produced). The points on the sound ray signals represent
focal points of transmitted ultrasonic beams. Specifically, in
this transmission and reception for sound velocity setting,
transmission of an ultrasonic beam is performed five times
with mutually different focal points to produce one sound ray
signal.

[0111] In the ultrasound diagnostic apparatus 10, when
optimal sound velocities of the subject are set, transmission
and reception for sound velocity setting in association with
the image to be combined A is first performed as shown in
FIG. 2B.

[0112] Inthe transmission and reception for sound velocity
setting, reception signals output from the respective piezo-
electric elements of the piezoelectric element array 14
undergo amplification and A/D conversion by the reception
circuit 18, and the resulting pieces of reception data are
sequentially stored in the reception data memory 36.

[0113] At the same time, the sound velocity setting unit 40
supplies a first set sound velocity S1 to the signal processor
20.

[0114] The signal processor 20 reads out the pieces of
reception data stored in the reception data memory 36, imple-
ments delay correction on the pieces of reception data based
on the supplied first set sound velocity S1 to produce pieces of
delay data, and adds the produced pieces of delay data to
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perform the reception focusing process to thereby produce a
sound ray signal. The signal processor 20 further implements
the correction of attenuation and the envelope detection pro-
cess on the sound ray signal to thereby produce a B-mode
image signal.

[0115] The B-mode image signal undergoes raster conver-
sion by the DSC 24 and then various kinds of image process-
ing by the image processor 26, and subsequently, is stored in
the image memory 32 as a B-mode image signal for sound
velocity setting in association with the image to be combined
A.

[0116] Upon storage of the B-mode image signal corre-
sponding to the first set sound velocity S1 supplied from the
sound velocity setting unit 40 into the image memory 32, the
sound velocity setting unit 40 supplies the signal processor 20
with a second set sound velocity S2 having a value changed
from the first set sound velocity S1 by a predetermined
amount.

[0117] The sound velocity setting unit 40 thus provides a
plurality of set sound velocities S1 to Sn to the signal proces-
sor 20 in sequence, and B-mode image signals corresponding
to those set sound velocities S1 to Sn are produced by the
ultrasound image producer 50 and stored in the image
memory 32. After the B-mode image signals corresponding to
the set sound velocities S1 to Sn are stored in the image
memory 32, the sound velocity setting unit 40 performs the
analysis on the B-mode image signals stored in the image
memory 32. Based on the results of the analysis, the sound
velocity setting unit 40 sets a sound velocity at which the
contrast or the sharpness of the image is highest as the optimal
sound velocity for the image to be combined A.

[0118] Specifically, the optimal sound velocity is a sound
velocity from a certain predetermined position (a segment
region to be described below) to the piezoelectric elements,
where the sound velocity is considered as constant in the
subject from the predetermined position to the piezoelectric
elements. In other words, the optimal sound velocity is an
average sound velocity in the subject from a certain predeter-
mined position (a segment region to be described below) to
the piezoelectric elements.

[0119] In setting optimal sound velocities, the analysis of
the B-mode image signals is performed for each of segment
regions obtained by dividing the subject (ultrasound image),
and an optimal sound velocity is set for each of the segment
regions. Specifically, a sound velocity at which the contrast or
the sharpness ofthe image is highest is selected to be setas the
optimal sound velocity for each of the segment regions.

[0120] Inthe illustrated example, as an example, the image
to be combined is divided to establish a grid pattern (by
dividing in the azimuth direction and in the direction parallel
to a direction of transmission of ultrasonic beams) with focal
points of ultrasonic beams being taken as centers of the
respective segment regions, and an optimal sound velocity is
set for each of the thus-obtained segment regions. Specifi-
cally, an optimal sound velocity is set to correspond to each
focal point that is formed in the transmission and reception for
sound velocity setting.

[0121] It should be noted that division of the subject for
which optimal sound velocities are set, i.e., focal points
formed in the transmission and reception for sound velocity
setting, may be suitably set in accordance with, for instance,
required accuracy of tissue elasticity measurement, required
image quality, or required processing speed.
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[0122] Preferably, focal points are each formed at the same
position in every pixel of an ultrasound image to be produced.
Alternatively, one focal point may be given for several pixels
whose number is appropriately determined in such a manner
of giving, for example, one focal point per three pixels, nine
pixels, and so forth. Still alternatively, segment regions may
be set by equally dividing an ultrasound image by an appro-
priately-set number, for example, by 10 or 20.

[0123] Furthermore, the number of segment regions, the
number of focal points on one scanning line, or the like may
be determined by the operator. The foregoing setting of seg-
ment regions may be made through the operation of mode
selection or the like.

[0124]  After the optimal sound velocities for the image to
be combined A are set, then the ultrasound diagnostic appa-
ratus 10 performs transmission and reception for sound
velocity setting in association with the image to be combined
B as shown in FIG. 2B to set optimal sound velocities of
respective segment regions for the image to be combined B in
the same manner as the image to be combined A.

[0125] Inaddition, after the optimal sound velocities for the
image to be combined B are set, then the ultrasound diagnos-
tic apparatus 10 performs transmission and reception for
sound velocity setting in association with the image to be
combined C as shown in FIG. 2B to set optimal sound veloci-
ties of respective segment regions for the image to be com-
bined C in the same manner as the image to be combined A.
[0126] The optimal sound velocities of the respective seg-
ment regions of the images to be combined A, B and C set by
the sound velocity setting unit 40 are each linked with a
relevant image to be combined and a relevant segment region,
and then supplied to the signal processor 20 to be stored
therein. Alternatively, the optimal sound velocities may be
each linked with a relevant image to be combined and a
relevant segment region, and then stored in the storage unit
48, so that the controller 42 reads out the optimal sound
velocities to supply them to the signal processor 20.

[0127] A method of setting a sound velocity of a subject is
not limited to the foregoing method and use may be made of
various known sound velocity setting methods employed in
ultrasound diagnostic apparatuses or ultrasound image gen-
erating methods.

[0128] In the ultrasound diagnostic apparatus of the inven-
tion, a compound image for use in display may be produced
by using reception data acquired through transmission and
reception for updating sound velocities. Alternatively, recep-
tion data acquired through transmission and reception for
updating sound velocities may be processed based on the
optimal sound velocities having been set (updated) with the
use of this reception data, thereby producing a compound
image for use in display. When a compound image (image to
be combined) is produced with the use of reception data
acquired through transmission and reception for updating
sound velocities, processing such as thinning may be per-
formed as necessary.

[0129] When optimal sound velocities are set at timing not
corresponding to the instruction to perform spatial com-
pounding, optimal sound velocities may be set only for the
image to be combined A.

[0130] In the ultrasound diagnostic apparatus 10, when an
ultrasound image (compound image (composite ultrasound
image)) is produced by spatial compounding, in response to
the instruction from the controller 42, the transmission circuit
16 and the reception circuit 18 cause the piezoelectric ele-
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ment array 14 to sequentially perform the transmission and
reception for image A, the transmission and reception for
image B, and then the transmission and reception for image C.
[0131] Reception signals output from the piezoelectric ele-
ment array 14 through the transmission and reception are
processed by the reception circuit 18 and the resulting recep-
tion data is supplied to the signal processor 20. Alternatively,
the reception data may be stored in the reception data memory
36 as necessary. Still alternatively, the signal processor 20
may read out the reception data from the reception data
memory 36 and subject the reception data to processing
below.

[0132] The signal processor 20 having acquired the recep-
tion data performs dedicated delay correction on each piece
of the reception data based on the stored optimal sound
velocities, thereby producing pieces of delay correction data.
[0133] At this time, the signal processor 20 has stored
therein the optimal sound velocities of the respective segment
regions for the images to be combined A, B and C with each
optimal sound velocity being linked with a relevant image to
be combined and a relevant segment region.

[0134] Accordingly, for the reception data resulting from
the transmission and reception for image A, the signal pro-
cessor 20 produces delay correction data based on the optimal
sound velocities of corresponding segment regions as set for
the image to be combined A. For the reception data resulting
from the transmission and reception for image B, the signal
processor 20 produces delay correction data based on the
optimal sound velocities of corresponding segment regions as
set for the image to be combined B. For the reception data
resulting from the transmission and reception for image C, the
signal processor 20 produces delay correction data based on
the optimal sound velocities of corresponding segment
regions as set for the image to be combined C.

[0135] Subsequently, the signal processor 20 adds the pro-
duced pieces of delay correction data (performs matching
addition) to perform the reception focusing process to thereby
produce a sound ray signal. In addition, the signal processor
20 performs the correction of attenuation and the envelope
detection process on the produced sound ray signal.

[0136] As a result, B-mode image signals of the images to
be combined A, B and C are produced.

[0137] The B-mode image signals of the images to be com-
bined A, B and C (hereinafter the phrase “B-mode image
signals of”” is omitted) undergo raster conversion by the DSC
24 and predetermined image processing by the image proces-
sor 26.

[0138] Then the images to be combined A, B and C are
combined by the image combining unit 34 of the image pro-
cessor 26 so that a compound image (B-mode image signal
thereof) having the same region as the region of the image to
be combined A is produced.

[0139] The produced compound image is supplied to the
display controller 28 and displayed on the display unit 30. In
addition, the produced compound image is stored in the
image memory 32 as necessary.

[0140] This compound image is an image in which all of the
images to be combined A, B and C have been subjected to
delay correction (sound velocity correction) in accordance
with the optimal sound velocity as set for each of the segment
regions. Therefore, it becomes possible to greatly suppress
image degradation which may be caused by distortion in the
images to be combined to thereby produce a high quality
compound image.
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[0141] Inthe foregoing embodiment, optimal sound veloci-
ties are set for the respective segment regions in association
with all of the images to be combined.

[0142] On the other hand, in an alternative embodiment of
the invention, optimal sound velocities are set for the respec-
tive segment regions in association with only one of the
images to be combined. In this embodiment, images to be
combined for which no optimal sound velocities are set are
subjected to delay correction with the use of the optimal
sound velocities of corresponding segment regions of one
image to be combined for which the optimal sound velocities
are set, so as to produce a compound image.

[0143] Even when this method of producing a compound
image is applied, similarly it becomes possible to greatly
suppress image degradation which may be caused by distor-
tion in the images to be combined to thereby produce a high
quality compound image.

[0144] An example of this embodiment is conceptually
shown in FIG. 2C.

[0145] Inthisexample, as a preferred embodiment, optimal
soundvelocities of respective segment regions are set only for
the image to be combined A which is the mainimage in spatial
compounding. Specifically, in this example, optimal sound
velocities of respective segment regions are set only for the
image to be combined A having (or including) the same
region as that of a compound image to be produced.

[0146] Accordingly, when optimal sound velocities are set,
the transmission circuit 16 and the reception circuit 18 cause
the piezoelectric element array 14 to perform the transmis-
sion and reception for sound velocity setting only for the
image to be combined A, as shown in FIG. 2C.

[0147] Reception signals output from the piezoelectric ele-
ment array 14 are processed by the reception circuit 18 to be
reception data, and the reception data is stored in the recep-
tion data memory 36. Similarly to the foregoing, the sound
velocity setting unit 40 supplies the set sound velocities S1 to
Sn to the signal processor 20. The signal processor 20 pro-
duces delay data with the use of the supplied set sound veloci-
ties S1 to Sn to produce sound ray signals. In response, the
ultrasound image producer 50 produces B-mode image sig-
nals through the transmission and reception for sound veloc-
ity setting relevant to the image to be combined A. The sound
velocity setting unit 40 sets the optimal sound velocities for
each of the segment regions in association with the image to
be combined A, and supplies the set optimal sound velocities
to the signal processor 20 to be stored therein.

[0148] When spatial compounding is performed, similarly
to the foregoing, the transmission circuit 16 and the reception
circuit 18 cause the piezoelectric element array 14 to sequen-
tially perform the transmission and reception for image A, the
transmission and reception for image B, and then the trans-
mission and reception for image C.

[0149] Reception signals output from the piezoelectric ele-
ment array 14 through the transmission and reception are
processed by the reception circuit 18 and the resulting recep-
tion data is supplied to the signal processor 20.

[0150] The signal processor 20 having acquired the recep-
tion data performs delay correction on reception data result-
ing from the transmission and reception for image A based on
the optimal sound velocities of corresponding segment
regions as set for the image to be combined A, thereby pro-
ducing delay correction data.

[0151] As for reception data resulting from the transmis-
sion and reception for image B, as conceptually shown in
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FIG. 2C, the optimal sound velocities of corresponding seg-
ment regions as set for the image to be combined A are used
to produce delay correction data for respective segment
regions of the image to be combined B. Similarly, also for
reception data resulting from the transmission and reception
for image C, the optimal sound velocities of corresponding
segment regions as set for the image to be combined A are
used to produce delay correction data for respective segment
regions of the image to be combined C.

[0152] Thebrokenlines inthe images to be combined B and
C in FIG. 2C represent edges of the image to be combined A
in the azimuth direction when the image to be combined A
overlaps the images to be combined B and C.

[0153] Subsequently, similarly to the foregoing, the signal
processor 20 adds the produced pieces of delay correction
data to produce a sound ray signal, and performs the correc-
tion of attenuation and the envelope detection process on the
produced sound ray signal, thereby producing the images to
be combined A, B and C (B-mode images thereof).

[0154] The images to be combined A, B and C undergo
raster conversion by the DSC 24 and predetermined image
processing by the image processor 26, and the images to be
combined A, B and C are combined by the image combining
unit 34 to produce a compound image.

[0155] The compound image produced by the ultrasound
image producer 50 is transmitted to the display controller 28
and then to the display unit 30 to be displayed on the display
unit 30.

[0156] In the present invention, as an alternative embodi-
ment, ofimages to be combined, images to be set with optimal
sound velocities may be selected.

[0157] Specifically, among images to be combined which
greatly differ in the inclination angle of associated transmis-
sion and reception, the transmission routes of ultrasonic
beams and ultrasonic echoes greatly differ among those
images. Accordingly, among images to be combined which
greatly differ in the inclination angle of associated transmis-
sion and reception, optimal sound velocities of corresponding
segment regions may be notably differ among those images.
[0158] To cope with it, optimal sound velocities may be set
in such a manner that an image to be combined is selected as
a refererce image, an angle between a direction of transmis-
sionand reception for the reference image to be combined and
a direction of transmission and reception for the other images
to be combined is detected, and optimal sound velocities are
set for, in addition to the reference image to be combined, an
image or images with the detected angle exceeding a thresh-
old value.

[0159] As an example, in FIG. 2, as a preferred embodi-
ment, the image to be combined A which is the main image is
set as the reference image. Accordingly, the image to be
combined A is set with optimal sound velocities.

[0160] With regard to the images to be combined B and C,
when the absolute value of the angle 8 or the angle -0 is less
than a predetermined threshold value, no optimal sound
velocities are set and the optimal sound velocities of corre-
sponding segment regions of the image to be combined A are
used to produce delay correction data for the images to be
combined B and C. In contrast, when the absolute value of the
angle 0 or the angle -8 is equal to or greater than the prede-
termined threshold value, optimal sound velocities are set for
the images to be combined B and C as well.

[0161] Alternatively, in the case of combining five images
of, in addition to the images to be combined A, B and C, other
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two images to be combined D and E in which directions of
their transmission and reception are inclined by an angle ) or
an angle -1 greater in the absolute value than the angle 6 or
the angle -0, optimal sound velocities may be set in the same
manner. Specifically, also in this case, the image to be com-
bined A being the main image is set with optimal sound
velocities similarly to the foregoing. When the absolute value
of the angle 6 or the angle -0 is less than the predetermined
threshold value, no optimal sound velocities are set for the
images to be combined B and C. In contrast, when the abso-
lute value of the angle m or the angle -1 is equal to or greater
than the predetermined threshold value, optimal sound
velocities are set for the images to be combined D and E.
[0162] In spatial compounding with five images as in the
above case, when the absolute value of the angle 0 or the angle
-0 and the absolute value of the angle 1| or the angle -1 are all
less than the threshold value, the image to be combined A
being the reference image is solely set with optimal sound
velocities, and no optimal sound velocities are set for the
other images to be combined. In contrast, when the absolute
value of the angle 6 or the angle -6 and the absolute value of
the angle ) or the angle —n) are all equal to or greater than the
threshold value, optimal sound velocities are set for all the
images to be combined.

[0163] In this example, when spatial compounding is per-
formed, for the image to be combined for which optimal
sound velocities are set, delay correction of reception data is
performed based on the set optimal sound velocities to pro-
duce the image to be combined, as in the above example. On
the other hand, for the image to be combined for which no
optimal sound velocities are set, delay correction is per-
formed based on the optimal sound velocities of correspond-
ing segment regions as set for the image to be combined for
which the optimal sound velocities are set, thereby producing
the image to be combined.

[0164] Inthe following processing, similarly to the forego-
ing, the images to be combined are processed by the DSC 24
and the image processor 26 and combined by the image
combining unit 34 to produce a compound image, and the
produced compound image is displayed on the display unit
30.

[0165] The ultrasound diagnostic apparatus 10 shown in
FIG. 1 may have, in addition to (or instead of) the function of
performing spatial compounding, the function of performing
frequency compounding. The ultrasound diagnostic appara-
tus 10 may have the function of simultaneously performing
both spatial compounding and frequency compounding.
[0166] As known, frequency compounding is a method of
producing a compound image (composite ultrasound image)
by combining a plurality of ultrasound images to be com-
bined obtained through transmission and reception of ultra-
sonic waves having mutually different central frequencies.
[0167] Hence, when frequency compounding is performed,
the controller 42 issues an instruction to the transmission
circuit 16 and the reception circuit 18 to cause the piezoelec-
tric element array 14 to perform transmission and reception of
ultrasonic waves having mutually different central frequen-
cies for a plurality of images.

[0168] For instance, as shown in FIG. 34, in frequency
compounding, a compound image is produced by combining
an image to be combined F1 obtained through transmission
and reception with a central frequency f, and an image to be
combined F2 obtained through transmission and reception
with a central frequency f, (f,<f,).
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[0169] Inthis case, optimal sound velocities may be set for
all the images to be combined as shown in FIG. 2B described
above. Alternatively, in this case, optimal sound velocities
may be set only for one image to be combined as shown in
FIG. 2C.

[0170] As an example, when optimal sound velocities are
set, as conceptually shown in FIG. 3B, the transmission cir-
cuit 16 and the reception circuit 18 cause the piezoelectric
element array 14 to perform the transmission and reception
for sound velocity setting using ultrasonic waves having the
central frequency f; and the transmission and reception for
sound velocity setting using ultrasonic waves having the cen-
tral frequency f, for the images to be combined F1 and F2.
[0171] Reception signals output from the piezoelectric ele-
ment array 14 are processed by the reception circuit 18 to be
reception data, and the reception data is stored in the recep-
tion data memory 36. In addition, similarly to the foregoing,
the sound velocity setting unit 40 supplies the set sound
velocities S1 to Sn to the signal processor 20. The signal
processor 20 produces delay data with the use of the supplied
set sound velocities S1 to Sn to produce sound ray signals. In
response, the ultrasound image producer 50 produces
B-mode image signals resulting from the transmission and
reception for sound velocity setting for the images to be
combined F1 and F2. Further, similarly to the foregoing, the
sound velocity setting unit 40 sets optimal sound velocities of
respective segment regions for the images to be combined F1
and F2, and supplies the set optimal sound velocities to the
signal processor 20. The signal processor 20 links each of the
optimal sound velocities with a relevant image to be com-
bined and a relevant segment region and stores the optimal
sound velocities.

[0172] When frequency compounding is performed, the
transmission circuit 16 and the reception circuit 18 cause the
piezoelectric element array 14 to sequentially perform the
transmission and reception of ultrasonic waves having the
central frequency f; forthe image F1 and the transmission and
reception of ultrasonic waves having the central frequency f,
for the image F2.

[0173] Reception signals output from the piezoelectric ele-
ment array 14 in response to the transmission and reception
are processed by the reception circuit 18 to be reception data,
and the reception data is supplied to the signal processor 20.
[0174] The signal processor 20 having acquired the recep-
tion data performs delay correction on the reception data
resulting from the transmission and reception for the image
F1 based on the optimal sound velocities of corresponding
segment regions as set for the image to be combined F1,
thereby producing delay correction data. Also, the signal
processor 20 performs delay correction on the reception data
resulting from the transmission and reception for the image
F2 based on the optimal sound velocities of corresponding
segment regions as set for the image to be combined F2,
thereby producing delay correction data.

[0175] Subsequently, similarly to the foregoing, the signal
processor 20 adds the produced pieces of delay correction
data to perform the reception focusing process, produces a
sound ray signal, and performs the correction of attenuation
and the envelope detection process on the produced sound ray
signal to produce the images to be combined F1 and F2
(B-mode images thereof).

[0176] The respective images to be combined undergo ras-
ter conversion by the DSC 24 and predetermined image pro-
cessing by the image processor 26, and the images to be
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combined F1 and F2 are combined by the image combining
unit 34 to produce a compound image.

[0177] The compound image produced by the ultrasound
image producer 50 is transmitted to the display controller 28
and then to the display unit 30 to be displayed on the display
unit 30.

[0178] In another embodiment of the invention, when fre-
quency compounding is performed, similarly to the forego-
ing, optimal sound velocities may be set only for one image to
be combined and the other image to be combined may utilize
the optimal sound velocities of corresponding segment
regions of the image to be combined for which the optimal
sound velocities are set.

[0179] Also in this case, preferably optimal sound veloci-
ties are set for the main image. The main image in the case of
frequency compounding is an image to be combined obtained
through transmission and reception of ultrasonic waves hav-
ing the same central frequency as that in production of the
normal ultrasound image.

[0180] In this case, when optimal sound velocities are set,
as conceptually shown in FIG. 3C, the transmission circuit 16
and the reception circuit 18 cause the piezoelectric element
array 14 to perform transmission and reception for sound
velocity setting using ultrasonic waves having the central
frequency f; only for the image to be combined F1.

[0181] Reception signals output from the piezoelectric ele-
ment array 14 are processed by the reception circuit 18 to be
reception data, and the reception data is stored in the recep-
tion data memory 36. Similarly to the foregoing, the sound
velocity setting unit 40 supplies the set sound velocities S1 to
Sn to the signal processor 20. The signal processor 20 pro-
duces delay data with the use of the supplied set sound veloci-
ties S1 to Sn to produce sound ray signals. In response, the
ultrasound image producer 50 produces B-mode image sig-
nals resulting from the transmission and reception for sound
velocity setting for the image to be combined F1. Further,
similarly to the foregoing, the sound velocity setting unit 40
sets optimal sound velocities of respective segment regions
for the image to be combined F1. The signal processor 20
links each of the optimal sound velocities with a relevant
segment region of the image to be combined F1 and stores the
optimal sound velocities.

[0182] When frequency compounding is performed, the
transmission circuit 16 and the reception circuit 18 cause the
piezoelectric element array 14 to sequentially perform the
transmission and reception of ultrasonic waves having the
central frequency f; forthe image F1 and the transmission and
reception of ultrasonic waves having the central frequency f,
for the image F2.

[0183] Reception signals output from the piezoelectric ele-
ment array 14 through the transmission and reception are
processed by the reception circuit 18 to be reception data, and
the reception data is supplied to the signal processor 20.

[0184] The signal processor 20 having acquired the recep-
tion data performs delay correction on the reception data
resulting from the transmission and reception for the image
F1 based on the optimal sound velocities of corresponding
segment regions as set for the image to be combined F1,
thereby producing delay correction data.

[0185] On the other hand, for the reception data produced
through the transmission and reception for the image F2, as
conceptually shown in FIG. 3C, the optimal sound velocities
of corresponding segment regions as set for the image to be



US 2014/0187953 Al

combined F1 are used to produce delay correction data for
respective segment regions of the image to be combined F2.
[0186] Subsequently, similarly to the foregoing, the signal
processor 20 adds the produced pieces of delay correction
data to perform the reception focusing process, produces a
sound ray signal, and performs the correction of attenuation
and the envelope detection process on the produced sound ray
signal, thereby producing the images to be combined F1 and
F2.

[0187] The respective images to be combined undergo ras-
ter conversion by the DSC 24 and predetermined image pro-
cessing by the image processor 26, and the images to be
combined F1 and F2 are combined by the image combining
unit 34 to produce a compound image.

[0188] The compound image produced by the ultrasound
image producer 50 is transmitted to the display controller 28
and then to the display unit 30 to be displayed on the display
unit 30.

[0189] Inthe present invention, the number of images to be
combined by frequency compounding may be three or more.
[0190] Furthermore, frequency compounding in the
present invention includes the case of combining images to be
combined obtained by transmission and reception of ultra-
sonic waves having the same central frequencies and an
image or images to be combined obtained by so-called hat-
monic imaging. As known, harmonic imaging is used in pro-
duction of an ultrasound image by receiving, for example,
second harmonic of ultrasonic echoes with respect to the
frequency of transmitted ultrasonic waves. In this case, cen-
tral frequencies of ultrasonic waves transmitted for images to
be combined may be either same or different.

[0191] Alternatively, frequency compounding may be per-
formed with images to be combined obtained by harmonic
imaging.

[0192] As an alternative embodiment of the optimal sound
velocity setting method of the invention, one example is given
in which the transmission and reception for sound velocity
setting is performed for all images to be combined, a distur-
bance of reception data is detected, and reception data with
the least disturbance for one of positionally-corresponding
segment regions of the images to be combined is used for the
positionally-corresponding segment regions of all the images
to be combined, thereby setting optimal sound velocities of
the respective segment regions.

[0193] This optimal sound velocity setting method can be
applied to both spatial compounding and frequency com-
pounding.

[0194] In ordinary ultrasonic echoes, as conceptually
shown in FIG. 4A, reception data obtained at each piezoelec-
tric element exhibits a parabolic curve. However, when the
wavefront of an ultrasonic wave contains a disturbance, it
leads to a disturbance of reception data obtained at each
piezoelectric element, as shown in FIG. 4B.

[0195] Note that FIG. 4 each show the case where three
reflectors are present on a certain ultrasonic beam (sound ray
signal to be produced) at equal intervals, where the horizontal
axis indicates the azimuth direction, i.e., a position of a piezo-
electric element and the vertical axis indicates reception time
of an ultrasonic echo.

[0196] Reception data having a disturbance is likely to be
due to an ultrasonic beam and/or an ultrasonic echo which is
negatively affected in the subject. If reception data having a
disturbance is used to set optimal sound velocities, it is
impossible to set accurate optimal sound velocities.
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[0197] When reception data whose wavefront has a small
disturbance is used to set optimal sound velocities, it becomes
possible to consistently set accurate optimal sound velocities
for respective segment regions.

[0198] One example will be explained with reference to
FIGS. 2A and 2B. When optimal sound velocities are set, the
transmission circuit 16 and the reception circuit 18 cause the
piezoelectric element array 14 to perform the transmission
and reception for sound velocity setting for the images to be
combined A, B and C.

[0199] Reception signals output from the piezoelectric ele-
ment array 14 are processed by the reception circuit 18 to be
reception data, and the reception data is stored in the recep-
tion data memory 36.

[0200] The ultrasound image producer 50 reads out the
reception data from the reception data memory 36, and
detects a disturbance of the reception data for each of the
segment regions of the images to be combined. Subsequently,
the ultrasound image producer 50 compares disturbances of
the reception data among positionally-corresponding seg-
ment regions of the images to be combined A, B and C, and
selects one of the positionally-corresponding segment
regions associated with reception data having the least dis-
turbance. This process is performed for each of the segment
regions.

[0201] Furthermore, the signal processor 20 uses (com-
bines) segment regions thus-selected from the segment
regions of the images to be combined to produce reception
data (hereinafter referred to as data for sound velocity setting)
for the same region as that of the image to be combined A and
stores the produced data in the reception data memory 36.
[0202] Inthe following processing, similarly to the forego-
ing, the sound velocity setting unit 40 supplies the set sound
velocities S1 to Sn to the signal processor 20, and the signal
processor 20 uses the set sound velocities S1 to Sn to produce
sound ray signals, and in response thereto, the ultrasonic
wave producer 50 produces B-mode image signals of the data
for sound velocity setting. The sound velocity setting unit 40
sets optimal sound velocities of the respective segment
regions and supplies the set optimal sound velocities to the
signal processor 20 in the same manner as in the above, and
whereafter, the signal processor 20 stores the optimal sound
velocities of the respective segment regions for the B-mode
image signal of the data for sound velocity setting.

[0203] When spatial compounding is performed, similarly
to the foregoing, the transmission circuit 16 and the reception
circuit 18 cause the piezoelectric element array 14 to sequen-
tially perform the transmission and reception for image A, the
transmission and reception for image B, and then the trans-
mission and reception for image C.

[0204] Reception signals output from the piezoelectric ele-
ment array 14 through the transmission and reception are
processed by the reception circuit 18 to be reception data, and
the reception data is supplied to the signal processor 20.
[0205] The signal processor 20 having acquired the recep-
tion data performs delay correction on reception data result-
ing from the transmission and reception for the images to be
combined A, B and C based on the optimal sound velocities of
corresponding segment regions as set for the B-mode image
signal of the data for sound velocity setting, thereby produc-
ing delay correction data.

[0206] Subsequently. similarly to the foregoing, the signal
processor 20 adds the produced pieces of delay correction
data to produce a sound ray signal, and performs the correc-



US 2014/0187953 Al

tion of attenuation and the envelope detection process on the
produced sound ray signal, thereby producing the images to
be combined A, B and C (B-mode images thereof).

[0207] The images to be combined A, B and C undergo
raster conversion by the DSC 24 and predetermined image
processing by the image processor 26, and the images to be
combined A, B and C are combined by the image combining
unit 34 to produce a compound image.

[0208] The compound image produced by the ultrasound
image producer 50 is transmitted to the display controller 28
and then to the display unit 30 to be displayed on the display
unit 30.

[0209] While the ultrasound diagnostic apparatus, the
ultrasound image producing method, and the recording
medium of the invention have been described above in detail,
the invention is by no means limited to the above embodi-
ments, and various improvements and modifications may be
made without departing from the scope and spirit of the
invention.

[0210] This invention is advantageously applicable to an
ultrasound diagnosis used in various kinds of diagnoses in the
medical field.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a piezoelectric element array having piezoelectric ele-
ments arranged therein, each adapted to transmit ultra-
sonic waves, receive ultrasonic echoes reflected by a
subject, and output reception signals according to
received ultrasonic waves;

a controller adapted to control transmission and reception
of ultrasonic waves by the piezoelectric element array;

a storage unit adapted to store the reception signals output
by the piezoelectric element array;

a sound velocity setting unit adapted to divide the subject
into multiple segment regions and set a sound velocity
for each of the segment regions with use of the reception
signals stored in the storage unit; and

an image producer adapted to produce an ultrasound image
by processing the reception signals output by the piezo-
electric element array or the reception signals read out
from the storage unit based on the sound velocity for
each of the segment regions,

wherein the controller has a function of causing the piezo-
electric element array to perform transmission and
reception for images to be combined to produce images
to be combined, the transmission and reception for
images to be combined being transmission and reception
of ultrasonic waves mutually different in at least one of
directions of transmission and reception and central fre-
quencies of ultrasonic waves, and the images to be com-
bined being ultrasound images to be combined,;

the image producer has a function of producing the images
to be combined with use of the reception signals
obtained through the transmission and reception for
images to be combined, and combining the produced
images to be combined to produce a composite ultra-
sound image; and

the image producer produces all of the images to be com-
bined based on the sound velocity set for each of the
segment regions.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the sound velocity setting unit sets a sound veloc-
ity when an instruction to produce the composite ultrasound
image is issued.
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3. The ultrasound diagnostic apparatus according to claim
1, wherein the image producer produces a main image which
is an ultrasound image having a region covering the compos-
ite ultrasound image as one of the images to be combined.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the sound velocity setting unit sets sound veloci-
ties for all of images to be combined.
5. The ultrasound diagnostic apparatus according to claim
1, wherein the sound velocity setting unit sets sound veloci-
ties only for one image to be combined; and
the image producer produces another image to be com-
bined for which no sound velocities are set based on the
sound velocities of corresponding segment regions of
the one image to be combined for which the sound
velocities are set.
6. The ultrasound diagnostic apparatus according to claim
5, wherein the image producer produces a main image which
is an ultrasound image having a region covering the compos-
ite ultrasound image as one of theimages to be combined; and
the one image to be combined for which the sound veloci-
ties are set by the sound velocity setting unit is the main
image.
7. The ultrasound diagnostic apparatus according to claim
1, wherein when the sound velocity setting unit sets sound
velocities, the controller causes the piezoelectric element
array to perform transmission and reception of ultrasonic
waves for sound velocity setting for all of images to be com-
bined;
distortions of reception signals obtained through transmis-
sion and reception of ultrasonic waves for the images to
be combined are compared among positionally-corre-
sponding segment regions of the images to be combined,
and the sound velocity setting unit sets a sound velocity
of a corresponding segment region with use of a recep-
tion signal having a least distortion; and
the image producer produces the images to be combined
based on the sound velocity set for each of the segment
regions of all of the images to be combined.
8. The ultrasound diagnostic apparatus according to claim
1, having a function of selecting one of the images to be
combined for which sound velocities are set by the sound
velocity setting unit.
9. The ultrasound diagnostic apparatus according to claim
8, wherein the images to be combined are produced from
reception signals resulting from transmission and reception
of ultrasonic waves for the images to be combined being
different in atleast directions of transmission and reception of
ultrasonic waves; and
the sound velocity setting unit sets sound velocities for an
image to be combined being a reference image and
sound velocities for another image to be combined
resulting from transmission and reception of ultrasonic
waves in a direction inclined with respect to a direction
of transmission and reception of ultrasonic waves for the
reference image by an angle exceeding a predetermined
threshold value.
10. The ultrasound diagnostic apparatus according to claim
9, wherein an image to be combined for which no sound
velocities are set is produced based on sound velocities of
corresponding segment regions of an image to be combined
for which the sound velocities are set.
11. The ultrasound diagnostic apparatus according to claim
9, wherein the controller causes the piezoelectric element
array to perform transmission and reception of ultrasonic
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waves for producing a main image which is an ultrasound
image having a region covering the composite ultrasound
image as the transmission and reception for images to be
combined; and
the direction of transmission and reception of ultrasonic
waves for the reference image is a direction of transmis-
sion and reception of ultrasonic waves for producing the
main image.
12. An ultrasound image producing method, comprising
the steps of:

causing a piezoelectric element array having piezoelectric
elements arranged therein, each adapted to transmit
ultrasonic waves, receive ultrasonic echoes reflected by
a subject, and output reception signals according to
received ultrasonic waves, to perforn transmission and
reception of ultrasonic waves for a plurality of images to
be mutually different in either directions of transmission
and reception or central frequencies of ultrasonic waves,
or both;

setting a sound velocity for each of segment regions
obtained by dividing the subject into multiple segment
regions with use of reception signals obtained through
transmission and reception of ultrasonic waves for each
of the plurality of images, and producing a plurality of
images to be combined based on the sound velocity set
for each of the segment regions, the images to be com-
bined being ultrasound images to be combined, and

combining the images to be combined to produce a com-
posite ultrasound image.
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13. The ultrasound image producing method according to
claim 12, wherein the sound velocity is set in response to an
instruction to produce the composite ultrasound image.

14. A recording medium having stored therein a program
that causes a computer to implement:

a step of causing a piezoelectric element array having
piezoelectric elements arranged therein, each adapted to
transmit ultrasonic waves, receive an ultrasonic echo
reflected by a subject, and output reception signals
according to received ultrasonic waves, to perform
transmission and reception of ultrasonic waves being
mutually different in at least one of directions of trans-
mission and reception and central frequencies of ultra-
sonic waves so as to produce a plurality of images;

a step of setting a sound velocity for each of segment
regions obtained by dividing the subject into multiple
segment regions with use of the reception signals
obtained through transmission and reception of ultra-
sonic waves for each of the plurality of images, and
producing a plurality of images to be combined being
ultrasound images to be combined based on the sound
velocity set for each of the segment regions; and

a step of combining the images to be combined to produce
a composite ultrasound image.

15. The recording medium according to claim 14, wherein
the stored program causes the computer to implement a step
of setting the sound velocity prior to the step of performing
transmission and reception of ultrasonic waves for the plural-
ity of images.
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